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TU KHOA TOM TAT
Zn0 Céc nghién citu gin déy cho thiy viéc tich hgp vat liéu nano trong men s vé sinh c6 thé tao ra bé mit c6
Ag@ZnO kha ning khang khuén bén viing, ddng thoi vin dam bao d6 én dinh nhiét va tinh twong thich v&i qua trinh

Nhiét thiy phan mét giai doan
Men nano

Men st vé sinh

nung & nhiét d6 cao. Trong nghién cttu nay, vat liéu nano ZnO va ZnO pha tap Ag 7% vé khéi lvgng da duoc
tdng hop st dung phwong phép nhiét thily phan don gian mét giai doan & nhiét d6 thip. Bic trung ciia vt
liéu téng hop da dwoc phén tich sit dung céc phivong phép phan tich hién dai nhw XRD, SEM... Hon nita,
cic dic tinh ctia men c6 chita vat liéu nano ZnO va Ag@ZnO budc du ciing da dugce khao sit. K&t qua
nghién ctu cho thiy vt liéu nano ZnO va Ag@ZnO c6 thé 12 vat lidu tiém ning cho viéc phét trién men s
vé sinh thé hé méi, dap ting yéu cAu ngay cang cao vé vé sinh, an toan va d6 bén trong nganh vat liéu xay
dung hién dai.

KEYWORDS ABSTRACT
ZnO Recent studies have shown that the incorporation of nanomaterials into sanitary ware glazes can impart
Ag@ZnO durable antibacterial functionality while maintaining thermal stability under high-temperature firing

Single-step thermal hydrolysis process
Nano glaze

Sanitary ware ceramics

conditions. In this study, ZnO nanoparticles and Ag-doped ZnO nanoparticles with an Ag content of 7 wt%
were synthesized via a simple single-step thermal hydrolysis method at low-temperature. The structural and
morphological properties of the synthesized nanomaterials were characterized using X-ray diffraction (XRD),
scanning electron microscopy (SEM), and related analytical techniques. Ceramic glazes containing ZnO and
Ag@ZnO nanomaterials were subsequently prepared, and their fundamental properties were preliminarily
evaluated with respect to their applicability in sanitary ware. The results indicate that the incorporation of
these nanomaterials does not adversely affect the thermal stability of the glaze during high-temperature
firing. Overall, ZnO and Ag@ZnO nanomaterials demonstrate strong potential for the development of next-
generation sanitary ware glazes, meeting the increasing requirements for hygiene, safety, and durability in

modern construction materials.

1. Giéi thiéu

chéng mai mon clia san phdm gém s vé sinh [8]. Tuy nhién, trong didu

kién st dung thie té, dic biét 1a méi trudng nha vé sinh ¢6 d6 4m cao

Gbm st vé sinh 12 nhém san pham vat liéu xay dyng quan trong,
bao gdm cac thiét bi nhw bdn clu, chiu rita, lavabo va cac san phim vé
sinh ¢6 dinh khéc, dugc st dung rong rii trong cic cong trinh dan dung
va cong cong [1-3]. Céc san phim nay thudng duge ché tao tit xuong
gf)m silicat, nung & nhiét do cao nhdm dat d6 bén co hoc, dd bén héa
hoc va d6 hit niée thip, qua d6 dam bao tudi tho va kha ning sit dung
lau dai trong mdi trwdng 4m w6t [4,5]. Trong cAu tric clia gdm st vé
sinh, men s vé sinh git vai tro quyét dinh dbi véi chit lvgng bé mit
san phAm. Men st 12 16p phi thity tinh héa, dwge hinh thanh tit hé oxit
vb co va nung chay ddng thoi v&i xwong gbm, tao nén bé mit nhin,
béng va khéng x6p [6,7]. L&p men khong chi dam nhiém chidc ning
thdm m§ ma cdn déng vai trd bao vé, han ché sy xam nhép clia niée,
héa chét va cdc tac nhan giy An mon, ddng thoi cai thién kha ning
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va gidu chét hitu co, bd mit men s truyén théng van c6 nguy co bi
bam bén va 1a noi thuén 1gi cho vi sinh vat phéat trién. Sy ton tai va
phét trién ctia vi khun, ndm méc trén b mit men khong chi 1am giam
tinh thAm m§ ma cdn tidm 4n nguy co anh hwédng dén sic khoe ngudi
st dung, dit ra yéu ciu cfip thiét vé viéc phat trién cac hé men s@ vé
sinh c6 chifc ning khang khudn va ty 1am sach [1-5]. S phat trién ciia
cong nghé nano da m& ra hudng tiép cin hiéu qua dé chite ning héa
men st vé sinh thong qua viéc bd sung c4c hat nano oxit kim loai vio
thanh phin men. Nh kich thuée hat nho va dién tich b& mit riéng 16mn,
céc vat liéu nano c6 thé cai thién dang k& cac tinh chit bé mit ctia men,
bao gdm kha ning khang khudn, ty 1am sach va d6 bén héa hoc, trong
khi vAn d¢am bao tinh tuong thich v6i quy trinh san xuit gbm st truyén
théng [1-3]. Trong sb cac vt liéu nano dwgc nghién ctiu, nano oxit kém
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(ZnO) la mdt trong nhitng vét liéu trién vong nho d6 én dinh nhiét cao,
cAu tric ban din viing cAm réng va kha ning phan tan t5t trong hé men
silicat. & kich thuéc nano, ZnO thé hién hoat tinh khang khuin manh
d6i v6i nhidu ching vi khudn Gram duong va Gram 4m théng qua céc
co ché nhv tao cac gbc oxy hoat tinh (ROS), twong tac truc tiép véi
mang té bio va giai phéng ion Zn*. Khi dugc diva vio men st vé sinh,
nano ZnO khéng chi nang cao hiéu qua khang khuin ma con c6 thé cai
thién d¢ chay, &6 min bé mit va d¢ béng ctia 16p men sau nung [4,9,10].
Pé ting cwdng hon nita hiéu qua khang khuén, nhiéu nghién citu da tap
trung vao viéc Kkét hop ZnO v&i nano bac (Ag) nhim tao thanh hé vat liéu
lai Ag@ZnO. Bac 1a vat liéu c6 phd khang khudn réng va hiéu qua cao
ngay & ndng do thip, chu yéu thong qua co ché giai phéng ion Ag’ v pha
hity cu triic t& bao vi sinh vét [11-13]. Sy két hop Ag v&i ZnO gitip nang
cao hiéu qua khang khuén vi quang xic tic nhd cai thién kha ning tach
va van chuyén dién tich trong hé vét liéu lai [14-17].

Trong nghién cifu nay, nano ZnO va Ag@ZnO dugc tdng hop sit
dung phuong phép nhiét thiy phan don gian mét giai doan & nhiét o
thip. MAu tdng hop tng dung trong men st vé sinh. Cac dic trung ciia

men st cling dugce khao sat.
2. Thuc nghiém

Céc héa chét st dung trong céc thi nghiém 12 héa chét tinh khiét.
2.1. Tong hop nano ZnO vi Ag@ZnO

Quy trinh thuc nghiém téng hop vat liéu nano ZnO va Ag@ZnO
chi ra trong hinh 1.

Dung dich Dung dich Dung dich
Zn(NO:)2.6H0 HMTA dong nhat
Nhiét thity phan
Khudy tron T =90°C; 24h
‘ el EE e
q d
. Huyén phul
AD ﬁ‘]
o174 Loc rira

Dung dich \{‘ﬁ R

AgNO; j

Hinh 1. So' d6 quy trinh thitc nghiém ché tao vét liéu Ag@ZnO: A0 va A7.

Chi tiét thuc
Hexamethylenetetramine (HMTA) 0,5 M vé&i dung dich Zn(NO,),.6H,0
0,5 M theo ti 1& 1:1 bing cach khudy trén may khudy tit v6i tbc do

nghiém nhu sau: Tron dung dich

khong dbi trong thoi gian 15 phiit cho hai dung dich hoa tron déu véi
nhau. Tién hanh pha tap bac theo ty 16 0 va 7 phén trim vé khéi lugng.
Tién hanh nhiét thty phan trong ti siy & nhiét ¢6 90 °C trong thdi gian
24 gi&. H6n hop thu duge sau phan ng nhiét thily phan duogc loc riia
nhidu 14n v6i neée cAt dé loai bo tap chit. Két thia thu duge siy kho
tai nhiét d6 80 °C trong thdi gian 24 giv. Cac mau ky hiéu 1a A0 va A7

twong ¢ng véi miu ZnO va Ag@ZnO ( ham lwong bac 13 7 phin trim
v& khéi lugng).

+ Cdc phirong phdp phdn tich: Tinh chét tinh thé ctia mau dugc
nghién cttu biing phén tich gian d6 nhiéu xa tia X (XRD) trong khoang
gbc 20= 20+80 ° trén hé X’pert Pro (PANalytical) v&i biic xa CuK-al
(A= 1,54056A), tbc dd quét 0,03°/2S. Hinh thai bé mit ctia vat lidu
khao sat st dung kinh hién vi dién t& quét phat xa trudng (FESEM)
HITACHI $4800. Cutong d6 bén uén ctia gach men nano ZnO, Ag@ZnO
do trén thiét bi “Material universal Testing Machina -Instron 34SC-5” -

tai Phong thi nghiém Ceramic - Pai hoc Bach Khoa Ha Noi.
2.2. Quy trinh thuc nghiém phun men lén gach

Thytc nghiém chuén bi nim méu gach méc 13m mAu th? nghiém
dé phun 16p men phéi trén theo bai phéi liéu men géc ciia cong ty st
Viét Tri Viglacera v§i ty 1 tinh todn ctia nano ZnO va Ag@ZnO. Bang
1 thé hién bai phéi liéu men gbc ctia cong ty st Viét Tri Viglacera dwgc
pha tron véi ty 1€ tinh toan ctua nano ZnO va Ag@ZnO (sau diy dugce
goi 1a men nano ZnO va Ag@ZnO).

Bang 1. Phéi liéu men st dung trong nghién ctu.

TT Tén nguyén liéu Phan trim bai phéi lidu (%)
1 Feldspart 34,0
2 Quartz 22,3
3 Wollastonite 13,2
4 Kaolin 8,1
5 Zirconium silicate 10,0
6 Talc 4,1
7 Calcium carbonate 2,8
8 Bot mau 0,15
9 CMC 0,3
10 | MAu A0 va A7 4,0
11 Microban-CF-8 1,5

Quy trinh thiee nghiém ché tao men nano A0 va A7 va phu trén
gach moc, dat dugc san phém gach men nano AO va A7, duoc trinh bay
trong so' dd hinh 2.

Chi tiét cac bude nhy sau: Cic nguyén liéu chinh d3 duoce kiém tra
tht nghiém (dat tiéu chudn san xut), duoc can dinh lvong va nap vio
may nghién bi wét. Khi may nghién chay du thoi gian (khoang 3 gio) sé
tién hanh kiém tra céc thong s6 néu dat cac thong sb theo tiéu chuén dung
dich men dugc tao ra (Ty trong: 1780 - 1800 kg/m®; @6 nhét: > 280 °G;
Lugng sét sang trén 0,025 mm: 1-1,5 %) sé dugc cho ra mdy. Men ra may
duge bom mang bom qua hé théng sang rung (kich thwdc sang 0,2 mm)
dé loai bo rac va cac hat nguyén liéu 181, khit tit ( dé loai bo sét). Men sau
khi hét Fe dwgc dwa di khudy v&i 5 % Sol dé chéng ling va 6n dinh d6
long. (Sol 1a dung dich duoc tao ra tu viéc khudy hén hop gdm
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carboxymethyl cellulose (CMC) 6 % v&i nudc cht 94 %), khi sol da tan
didu trong men (khudy khoang 30”), kiém tra v chuyén di phun men.

Cac nguyén lidu | . | Nuére | . Phu gia, chét dién
May nghién bi wot

Sang rung, khirtie

Gach phun men

Hinh 2. So' dd quy trinh thue nghiém ché tao
men st dung Ag@ZnO: A0 va A7.

Hinh 3 14 anh ctia xwong gach va gach sau khi phun men s
dung mAu AO va A7. Cac san phdm gach men nano ZnO vi Ag@ZnO
ché tao nay duoc sit dung dé khao sat cac dic tinh tiép theo ctia xwong
gach (gach moc) nhu d6 bén udn ciing nhu cac khuyét tat bé mat gach
men, kha ning siéu thAm w6t bé mit gach men... d& danh gia kha
nidng ng dung ctia men s vé sinh sit dung nano ZnO va Ag@ZnO

trén gach ceramic.

Hinh 3. Anh chup cic miu cic miu xwong gach duge st dung dé

phun men (a); cic mau gach men nano ZnO (Z1, Z2, 73, Z4, Z5);va
cdc mau gach men nano Ag@ZnO (ZAgl, ZAg2, ZAg3, ZAg4, ZAg5)
sau khi nung (b).

2.3. Cdc phép ddnh gid ddc tinh ctia gach men

+Xdc dinh d6 co sdy, co nung, co toan phdn ctia xuong gach: Cac
mAu xuong gach (gach moc) duge xac dinh d6 co séy, co nung, co toan
phin dya trén TCVN 6300: 1997. Pu tién diing thudc kep do chinh
xac khoang cach gitta cic vach danh dAu trén miu chi nhét hoic do
dwong kinh dbi véi miu tron clia cdc mau sau tao hinh, sau siy va sau

nung. D6 co khi sdy, khi nung va dé co toan phan tinh theo cong thic:
lo—-11

ys = ——x 100% 1)
n-1

yn = ——x 100% @

ytp = ; x 100% 3)

Trong do: L,: Khoang céach giita cac ddu (hoic duong kinh) cta
miu ngay sau khi tao hinh; L;: Khoang céch gitta cdc d4u (hodc duong
kinh) ctia mAu sau khi sdy; L,: Khoang cach giita cac diu (hodc duong
kinh) ctia miu sau khi nung.

+Xdc dinh cuong do bén udn cia cdc méu gach men nano ZnO va
ZnO@Ag: Cudng d bén udn ctia cic miu gach men ZnO va ZnO@Ag
duoc do trén thiét bi “Material universal Testing Machina -Instron
34SC-5” - tai Phong thi nghiém Ceramic - Pai hoc Bach Khoa Ha Noi.
Pé khao sat cuong d6 bén ubn cta cic miu gach men thi cac miu gach
men nay duoce cit ki thudt thanh ba miéng miu nhé theo tiéu chuin
(kich thwéec DXRXH = 12,5%x5x%x1(%0,2) (cm)). Ap dung cong thiic
tinh d6 bén udn cta cdc miu gach men ceramic nhu sau :

3.n.P.l
= (€]

" 2.b.h?
Trong dé: n= d,/d,; d, 14 khoang cach tit truc canh tay don dén

ou

vi tri mAu bi gdy, cm; d, 12 khoang cach tit truc canh tay don dén tam
ctia gbi ty trén, cm; P 1a khéi lwong tai trong (Iwc udn giy), kg; 1 1a
khoang cich hai géi 6 dwéi, 1= 10 cm; b 12 chidu réong mau, b= 5 cm;
h 1a chidu cao ctia miu, cm.

Hinh anh cit ngang cic miu gach men ZnO va ZnO@Ag va hinh
anh bé mit gach men dugc cit theo tiéu chuén dé khao sat cudng do

bén udn duoc bidu dién trén hinh 4.

Hinh 4. Hinh anh cit ngang cic miu gach men ZnO va ZnO@Ag (a)
va Hinh anh b& mit gach men ct theo tiéu chudn dé khao sat cuéng

d6 bén ubn (b).

Cdc phép ddnh gid ddc tinh khdc ddi véi gach men nano ZnO va
Ag@ZnO nhu: Khdo sdt cdc 161, khuyét tdt trén bé mdt gach men; Pdnh gid
khd ndng lam loang giot meéc va lam sach trén bé mdt gach men nano ZnO
va Ag@ZnO ciing ditgc tién hanh.

3. Két qua va thao luan
3.1. bdc trung ctia vt liéu

Gian dd nhifu xa tia X clia cdc miu ZnO(AO) va Ag@ZnO(A7)
trinh bay & hinh 5a. C6 thé thiy, déi véi miu A0, géc 26 tit 2080 °,
gian dd nhiéu xa XRD xuAt hién céc dinh nhiéu xa ré nét tiong tng véi
cac mdt mang (100), (002), (101), (102), (110), (103) va (112) quy cho
cAu tric luc gidc Wurtzite ctia ZnO. Khong quan sat thay cic chat khac,
cho thiy ZnO di duoc tdng hop thanh céng v6i do tinh khiét pha cao.
Két qua phit hgp vdi cac nghién citu trde ctia nhém [18-20]. Bbi v6i
mau A7, ngodi cic dinh nhiu xa dic tring ctia ZnO xuét hién con nhin
théy su c6 mit clia cdc dinh nhifu xa khic & géc 20~ 38,12, 44,30,
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64,45 va 77,40 °, tvong @ng v&i cac mat (111), (002), (022) va (113)
ctia nano Ag ciu tric lap phuong (ICSD card number 98-018-
1730)[21,22]. Khéng théy su xuét hién ctia cac dinh nhiéu xa ctia cac
hop chét khac. Pidu ndy chitng t6 da téng hop thanh cong vat liéu
Ag@ZnO(A7). Tit két qua XRD, cdc phan tich v& cAu triic tinh thé cua
vat liéu ché tao dwgc nghién citu sdu hon nhd sit dung phiong trinh
Williamson-Hall dé& x4c dinh kich thwdc tinh thé va @ng suit cua
Ag@ZnO [20].
BcosO = kA/d + 2esin 6 5)

Trong dé: B 14 d6 rong ban dinh twong ing ctia dinh nhiéu xa &
vi tri 26; 0 14 g6c nhifu xa; A= 1,5406 A 1a buée séng tia X st dung; &
12 vi Gng sudt (%) va d 1a kich thuGc tinh thé trung binh (nm). Kich
thwge tinh thé ctia cdc mAu duge xéc dinh thong qua db thi B cosd véi
sin6. Gia tri R? cia ca hai miu A0 va A7 tuong ting 1a 0,93 va 0,90 nén
két qua tinh kich thw6c tinh thé cia cic mAu 1a d4ng tin cdy. Kich thude
tinh thé trung binh va vi ¢ng suit ctia cic miu A0 va A7 13n luot 1a
15,15, 0,2 % va 41,27, 0,4 %. C6 nghia 1a Ag c6 anh hudng dén kich
thuwée tinh thé va ciu tric ctia ZnO.

i

Intensity (a.u)

(toz) (112}
A0

20 70 80

ut’o 5'U 5|IJ
20 (Degree)

(@

(b
Hinh 5. a- Gian dd nhiéu xa tia X ctia cAc mau Ag@ZnO: A0 va A7;
b- Anh SEM ctia cic miu Ag@ZnO: A0 va A7.

Anh SEM trén hinh 5b cho thiy, miu AO ¢6 hinh théi chit dao 12
cac hat ZnO dang khéi/lang tru luc gidc v&i kich thuéc twong d6i dong
d@u. Trong khi d6, miu A7 thé hién sy thay dbi r rét vé hinh thai, v&i
cAu tric dang thanh va mang x6p dan xen, 1am ting dién tich bé& miit
riéng. Su xuét hién ctia Ag gép phan ttc ché sy ting triedng hat va thiic
day hinh thanh cu tric phén tan tét hon, didu nay duoc ky vong sé cai
thién cac tinh chit chitc ning ctia vat lidu khi ting dung trong men st

vé sinh.

3.2. bdc trung ctia gach men

+P6 co sdy, co nung va co toan phdn ctia cdc mdu xwong gach
(gach méc):

Céc miu xwong gach dugce ché tao theo 5 miu (ky hiéu miu M1,
M2, M3, M4, M5). Két qua ctia do co siy, co nung va co toan phan ctia
cdc miu xwong gach duoc x4c dinh theo bang 2. C6 thé thiy d6 co siy,
co nung va co toan phin ctia cic miu xwong gach déu nim trong
khoang cho phép theo tiéu chuin gach ceramic. Vay, cidc miu xuong
gach ché tao duoc di didu kién tiéu chuén st dung phun men.

+ Cueong dd bén udn ctia cdc mdu gach men:

Cuong do bén udn cia cic miu gach men ZnO (Zcl, Zc2, Zc3) va
Ag@ZnO (ZAgcl, ZAgc2, ZAge3) durge thé hién trén bang 3. Tit bang 3,
¢6 thé thiy, cic mAu gach men ché tao theo quy trinh ctia nhém nghién
cttu déu dat duge cuong do bén udn cao hon so véi tiéu chudn (so sanh
vGi gach men Granite (TG) va gach men Porcelain (TC) yéu ciu cuong do
bén uén dat > 35 N/mm?). Mau gach men Ag@ZnO c6 cudng d6 bén
ubn cao hon so v&i miu gach men ZnO twong ting lan luot 13 46,003
N/mm? va 45,678 N/mm? di dige khao sat. Nhut vy, cdc miu gach men
¢6 bd sung thanh phin nano ZnO vi Ag@ZnO déu dat duoc cudng do
bén ubn virot cao hon so véi tiéu chudn yéu ciu khoang 1,5 1an.

+ L6i va khuyét tdt bé mdt gach men:

Thyc nghiém tién hanh khao sat cac 16i, khuyét tat trén bé miit
gach ZnO va Ag@ZnO theo tiéu chuin TCVN 6415. Pha ché dung dich
xanh methylen (MB) 100 mg/L c6 chét 1am ém, boi dung dich 1én bé
mit men, chd 1 phiit, lau sach. Céc 16i, khuyét tat (nhv vét ran men, &
men, khong déu mau, sttt mé, 16i 16m, hodc 16 nhé, rd men) trén bé mit
gach men sé& dugc giit lai mau xanh, gitip phat hién cac vét niit nhé khé
thiy bing mét thuwdong. Phép xdc dinh khuyét tat duoc kiém tra bing
mét thuong duwéi anh sang du (khoang 300 Lux) & khoang cach 25-30
cm @& phat hién céc 16i trigc quan trén. Két qua khao sét cac 15i, khuyét
tat trén bé mit gach ZnO va Ag@ZnO duvgc thé hién trén Hinh 6.

ZnO ZnO@Ag

Hinh 6. Hinh 4nh miu gach men sau khao sét cac 16
khuyét tat bé mit: AO va A7.

Hinh 6 quan sat thdy, b& mit gach men ZnO xuét hién 2 vét 15
mau xanh kich thwée 0,8-0,9 mm véi bé mat gach kich thuéce (5,4 cm
x 6,5 cm), dat 0,05698 16 r6 nho/cm> Dbi véi bé mit gach men
ZnO@Ag thi xut hién 2 vét 16 mau xanh kich thuée 0,5-0,8 mm v&i bé
mit gach kich thwée (7,1 cm x 6,5 cm), dat 0,04334 16 r6 nhé/cm>
Nhu vay, cé thé nhén théy bé mit 2 loai gach men ZnO va Ag@ZnO
d8u dat tiéu chudn d6 lang béng, men min trén bé mit gach men dat
theo tiéu chuén TCVN 6415. Tuy nhién, c6 thé nhan thiy, d6i v&i gach
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men Ag@ZnO dat dugc d6 lang béng, men min va it 16i, it khuyét tat
bé mit hon so v&i gach men ZnO.

+Khd ndng lam loang giot ni’éc va lam sach bé mdt gach men:

Pé danh gia kha ning 1am loang giot nuéc va 1am sach bé mit
gach men ZnO va Ag@ZnO, thuyc hién nho 1 giot dung dich MB
100mg/L ¢6 chét 1am Am trén b& mit gach men sau cdc thdi gian chiéu
khéc nhau b&i anh sang dén LED, chup hinh anh va danh gia kha nang
lam loang giot nwée. Sau d6, dé nguyén giot dung dich MB nay trén bé
mit gach men khi khéng chiéu sing sau 24 gio rdi dem rita trdi bing
nuwée thuong va chup hinh anh dé danh gia kha ning 1am sach bé mit
gach men. Hinh 7 (a,b,al,bl,a2,b2,a3,b3) la biéu dién hinh anh d4nh
gi4 kha ning 1am loang giot nuéc va 1am sach bé mit gach men ZnO va
Ag@7ZnO sau céc thoi gian (chiéu 4nh séng dén LED). P6i véi mau gach
men phti ZnO thudn, giot dung dich MB truée va sau céc thoi gian chiéu
séng hiu nhv khong thay dbi hinh dang, duy tri trang thai co tron va

khong xuét hién hién twgng loang rong. Két qua nay cho théy bé& miit

Bang 2. DJ co sy, co cung, co toan phin ctia mau xwong gach.

gach men ZnO c6 tinh ky nu@c va it chiu anh hudng ctia chiéu sang kha
kién, phit hop véi cic béo céo trude day vé dic tinh bé mit cia ZnO
[23,24]. Ngugc lai, d6i véi mau gach men phtt Ag@ZnO, giot dung dich
MB truée chiéu sang van giit trang thai co tron twong t miu ZnO. Tuy
nhién, sau khi chiéu sang trong 30, 90 va 180 phiit, giot MB ¢6 xu huéng
loang réng rd rét trén bé miit, véi miic d6 loang ting dan theo thdi gian
chiéu sang. Tai thoi diém 180 phit, hién twong loang dat gia tri 16n
nhét, cho thiy sv gia ting dang ké tinh wa nuéc ctia bé mit gach men
Ag@ZnO. Sy cai thién tinh thim w6t clia bé mit AG@ZnO c6 thé lién
quan dén vai trd ctia Ag trong viéc thic diy qud trinh tach ciip electron-
hole va gia ting mat d6 cic nhém hydroxyl (-OH) hip phu trén bé mit
vat liéu du6i chiéu sang, tit d6 13m giam ning lvong bé mit va hinh
thanh trang thai siéu thdm w6t [25]. Nhidu nghién cttu di chi ra ring
trang thai siéu thAm w6t 13 co s& quan trong tao nén kha ning tu lam
sach, do cac giot nugc céd thé lan réng va cubn tréi cac chit 6 nhiém

trén bé mit vat liéu.

MAau xwong gach bé co séy (%) b6 co nung (%) Do co toan phén (%)
M1 2,82 7,2 10,2
M2 2,83 7,4 10,3
M3 2,86 7,6 10,5
M4 2,84 7,4 10,3
M5 2,85 7,4 10,4
Tiéu chuin gach ceramic 2,8-2,9 7,0-8,0 10-10,5

Bang 3. Khao sit cudng d6 bén ubn cta cic miu gach men.

Luc ubn gay . y
s < . Cuong d6 bén uon, | Cuong do bén uon trung binh,
Tén mau n h Lic ubn gay, P (N) trung binh, , i
— S8u (N/mm?) ou (N/mm?)
P (V)
Granite (TC) - - > 1300 > 1300 > 35 > 35
Porcelain (TC) - - > 1300 > 1300 > 35 > 35
Zcl 1,00 1,02 1600 46,136
Zc2 0,96 1,02 1630 1617 45,121 45,678
Zc3 0,98 1,02 1620 45,779
ZAgcl 1,13 1,08 1590 46,211
ZAgc2 1,11 1,08 1610 1607 45,965 46,003
ZAgc3 1,10 1,08 1620 45,833

[{o) - khong chiéu sing

(b2) - 90 phit chidu sing

(b) - khéag chidu sing

(a2) - 90 phit chidu sng

(al) - 30 phit chiéu sing (b1) - 30 phist chidu sdng

(83) - 180 phit chidu sdng

s S

(b3) - 180 phist chidu sdng

Hinh 7. Anh dénh gi kha ning 1am loang giot nu*éc va lam sach trén bé mit gach men
ZnO (a, al, a2, a3) va ZnO@Ag (b, b1, b2, b3) sau cac thdi gian chiéu 4nh sang dén LED.
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Két qua & hinh 8 (a’,b’) cting ¢b cic quan sat vé tinh thAm w6t da
trinh bay & hinh 7. Sau khi dé miu trong diéu kién khong chiéu sing
24 gi® va rita bing nude thuwdong, trén bé mit gach men pht ZnO van
con vét mau xanh nhat ctia dung dich methylene blue (MB), cho thiy
kha niing tu 1am sach kém. Ngugce lai, di véi gach men phtt Ag@ZnO,
dung dich MB dugc ria troi gdn nhu hoan toan, khong dé lai ddu vét
trén bé mit. Két qua nay phit hgp v&i hién tugng siéu thdm wét quan
sat dugce ¢ hinh 7, qua d6 khing dinh gach men Ag@ZnO thé hién kha
ning ty 1am sach hiéu qua hon so véi gach men ZnO trong ciing diéu

kién thi nghiém.

(a") - kisbmg chicu shog 24 gid.rita  (b') - khoog chiéu sing 24 gid,
trdi vét MB bing nwée thikmg nim trdi vét MB biing nude thudng

Hinh 8. a-Anh bé mit gach men khi nho giot dung dich MB va
dé khong chiéu sang 24 h, b’-sau d6 ria troi bing nudc thudng.

4. Kétluan

Nghién cttu nay di ché tao va danh gia cic dic trung, tinh chét
trén bé mit gach men nano ZnO vi Ag@ZnO théng qua céc phép do dic
trwng cta vat liéu. Két qua cho thiy, cdc mau gach phii men nano déu dat
cwong d6 bén ubn cao hon khoang 1,5 14n so véi yéu cAu tiéu chudn dbi
véi gach nhém Porcelain. Hon nita, miu gach men nano ciing khong tao
ra c4c 16i hay khuyét tat bé mit ding ké, bao dam chit lvong co hoc va
tinh thAm m§ ctia gach men. Céc khao sat vé& kha ning thim w6t va lam
sach b& miit cho thiy gach men phii ZnO thé hién tinh ky nuéc va kha
néng tv lam sach han ché, trong khi gach men phtt Ag@ZnO c6 tinh wa
nuwdc cao, xut hién trang thai siéu thAm wét dudi chiéu sang LED va kha
ning rita troi cht ban hiéu qua. Péng gép méi ciia nghién ciu 1a viée
két hop déng thoi danh gia co hoc, chét lvgng bé mit va tinh nang tu
1am sach trén bé miit gach men phii Ag@ZnO, 1am rd tiém niing Gng dung

clia vat liéu ndy trong cac san phdm vt liéu xay dyng da chifc ning.
Loi cAm on

Nghién cttu ny cam on véi cac thi nghiém thuc t& duge thic
hién tai cac Phong thi nghiém Héa hoc - truong Pai hoc Xay Dung Ha
Noi, Vién Vat ly Ky thuat - Pai hoc Bach Khoa Ha Noi, Phong thi nghiém
Héa Ceramic - Pai hoc Bach Khoa Ha N6i va Phong thi nghiém Cong ty
St Viét Tri Viglacera.
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